
STOP 



Early Journal Content on JSTOR, Free to Anyone in the World 

This article is one of nearly 500,000 scholarly works digitized and made freely available to everyone in 
the world byJSTOR. 

Known as the Early Journal Content, this set of works include research articles, news, letters, and other 
writings published in more than 200 of the oldest leading academic journals. The works date from the 
mid-seventeenth to the early twentieth centuries. 

We encourage people to read and share the Early Journal Content openly and to tell others that this 
resource exists. People may post this content online or redistribute in any way for non-commercial 
purposes. 

Read more about Early Journal Content at http://about.istor.org/participate-istor/individuals/early- 
journal-content . 



JSTOR is a digital library of academic journals, books, and primary source objects. JSTOR helps people 
discover, use, and build upon a wide range of content through a powerful research and teaching 
platform, and preserves this content for future generations. JSTOR is part of ITHAKA, a not-for-profit 
organization that also includes Ithaka S+R and Portico. For more information about JSTOR, please 
contact support@jstor.org. 



i 256 ] 



XXI. Jfi Altempt to explain a DifficuUy in the Theory ofVifion^ 
d('pend!?jg on the different Refrangibility of Light. By the 
Rev. Nevil Maflcelyne, D. D. F, R. S, and JJlronomer 
Royal. 



Read June r8, 1789:. 

THE ideas of fight are fo ftrlking and beautiful, that we 
are apt to confider them as perte£lly difl:in£l. The 
celebrated Euler, talcing this for granted, has fuppofed, in 
the Memoirs of the Royal Academy of Sciences at Berlin 
for 1747, that the feveral humors of the human eye were 
contrived in fuch a manner as to prevent the latitude of 
focus arifing from the difiereut refrangibility of light, and 
confiders this as a new reafon for admiring the ftru6lure of the 
eye ; for that a fingle tranfparent medium, of a proper figure, 
would have been fufficient to reprefent images of outward 
objeds in an imperfecfl manner ; but, to make the organ of 
fight abfolutely complete, it was neceflary it fliould be com- 
pofed of feveral tranfparent mediums, properly figured, and 
fitted together agreeable to the rules of the fublimeft geome- 
try, in order to obviate the effeft of the different refrangibility 
of light in difturbing the diftinflnefs of the image ; and hence 
he concludes, that it is poffible to difpofe four refracting fur- 
faces in fuch a manner as to bring all forts of rays to one 
focus, at whatever diftance the obje£l be placed. He then 
aflumes a certain hygpthefis of refraction of the differently 

refraa- 
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refrangible rays, and builds thereon an ingenious theory of an 
achromatic objeft-glafs, compofed of two menifcus glafles 
with water between them,, with the help of an analytical cal- 
culation, fimple and elegant, as his ufually are. 

He has not, however, demonftrated the neceflfary exiftence 
of his hypothefis, his arguments for which are more meta- 
phyfical than geometrical ; and, as it was founded on no expe- 
riment, fo thofe made fince have Ihewn its fallacy, and that it 
does not obtain in nature. Moreover, which is rather extra- 
ordinary, it does not account, according to his own ideas, for 
the very phaenomenon which firft fuggefted it to him, namely, 
the great diftinftnefs of the human vifion, as was obferved to 
me, many years ago, by the late Mr. John Dollond, 
F. R. S. to whom we are fo much obliged for the invention of 
the achromatic telefcope ; for the refradions at the feveral hu- 
mors of the eye being all made one way, the colours produced 
by the firft refraftion will be increafed at the two fubfequent 
ones inftead of being corredled, whether we make ufe of 
Newton's or Euler's law of refradion of the differently 
refrangible rays. 

Thus EuLER produced an hypothetical principle, neither fit 
for rendering a telefcope achromatic, nor to account for the 
diftindlnefs of the human vilion ; and the difficulty of recon- 
ciUng that diflinftnefs with the principle of the different 
refrangibility of light dlfcovered by Sir Isaac Newton re- 
mains in its full force. 

In order to go to the bottom of this difficulty, as the beft pro- 
bable means of obviating it, I have calculated the refradious 
of the mean, moft, and leaft refrangible rays at the feveral 
humors of the eye, and thence inferred the difFufion of the 
rays, proceeding from a point in an objed, at their falling 

upon 
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upon the retina, and the external angle which fuch coloured 
image of a point upon the retina correfponds to. 

I took the dimenfions of the eye from M. Petit, as related 
by Dr. Jurin j and, the fpecific gravities of the aqueous and 
vitreous humors having been found to be nearly the fame with 
that of water, and the refraftion of the vitreous humor of an 
ox's eye having been found by Mr. Hawksbee to be the fame 
as that of water, and the ratio of refracSion out of air into 
the cryftalline humor of an ox's eye having been found by 
the fame accurate experimenter to be as i to ,68327, I took the 
refradion of the mean refrangible rays out of air into the 
aqueous or vitreous humor, the fame as into water, as i to 
,74853, or Ij33595 to i ; and out of air into the cryftalline 
humor as i to ,68327, or 1,46355 to 1. Hence I find, 
according to Sir Isaac Newton's two theorems, related at 
Part II. of Book I. of Optics, p. 1 13. that the ratio of refrac- 
tion of the moft, mean, andleaft refrangible rays at the cornea 
ihould be as i to ,74512, ,74853 and ,75197; at the fore- 
furface of the cryftalline as i to ,91173, ,91282, and ,9 1392 ; 
and at the hinder furface of the cryftalline as 1 to 1,09681, 
1,09550, and 1,09420. 

Now, taking with Dr. Jurin 15 inches for the diftance at 
which the generality of eyes in their mean ftatefee with moft 
diftiniSlnefs, I find the rays from a point of an objeft fo fituate 
will be colledted into three feveral foci, viz. the moft, mean, 
and leaft refrangible rays at the refpedlive diftances behind the 
cryftalline ,5930, ,6034, and ,6141 of an inch, the focus of 
the moft refrangible rays being ,0211 inch ftiort of the focus 
of the leaft refrangible ones. 

Moreover, aflbming the diameter of the pencil of rays at 
the cornea, proceeding from the object at 15 inches diftance, 
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to be \\ki of an inch in a ftrong light, which is a large allow- 
ance for it, the feml-angle of the pencil of mean refrangible 
rays at their concourfe upon the retina will be 7" \z\ whofe 
tangent to the radius unity, or ,1264 multiplied into ,0211 
inch, the interval of the foci of the extreme refrangible rays, 
gives ,002667 inch for the difFufion of the different coloured 
rays, or the diameter of the indiftindt circle upon the retina. 
Now, I find, that the diameter of the image of an obje£l: upon the 
retina is to the object as ,6055 inch to the diftance of the ob- 
je£l from the center of curvature of the cornea ; or the lize of 
the image is the fame as would be formed by a very thin con- 
vex lens, whofe focal diftance is ,6055 inch, and confequently 
a ling in an object which fubtends an angle of \' at the center 
of the cornea will be reprcfented on the retina by a line of 
_^/^-^th inch. Hence the diameter of the indiftinft circle on 
the retina before found, ,007.667 will anfwer to an external 
angle of ,002667 ^ .07^'^ = 'S' ^" ■> o"* every point in an objeft 
fhould appear to fubtend an angle of about \^\ on account of 
the different refrangibility of the rays of light. 

I (hall now endeavour to fhew that this angle of ocular aber- 
ration is compatible with the diftinflnefs of our vifion. This 
aberration is of the fame kind as that which we experience in 
the common refrading telefcope. Now, by computation from 
the tabular apertures and magnifying powers of fuch telefcopes, 
it is certain that they admit of an angular indiftinftnefs at the 
eye of no lefs than 57'' ; therefore the ocular aberration is near 
four times lefs than in a common refracting telefcope, and con- 
fequently the real indilHnttnefs, being as the fquare of the 
angular aberration, will be 14 or 15 times lefs in the eye than 
in a common ret railing telefcope, which may be eafily allowed 
to be imperceptible. 

Moreover, 
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Moreover, Sir Isaac Newton hasobferved, withrefpedto 
the like difficulty of accounting for the diftinftnefs with which 
refrading telefcopes reprefent obje£ts, that the erring rays are 
not fcattered uniformly over the circle of diffipation in the 
focus of the obje£l-glafs, but colleded infinitely more denfely 
in the center than in any other part of the circle, and in the 
way from the center to the circumference grow continually 
rarer and rarer, fo as at the circumference to become infinitely 
rare ; and by reafon of their rarity are not ftrong enough to be 
vifible, unlefs in the center an^ very near it. 

He farther obferves, that the mofl luminous of the prifma- 
tic colours are the yellow and orange, which afFe£t the fenfe 
more ftrongly than all the reft together ; and next to thefe in 
ilrength are the red and green ; and that the blue, indigo, and 
violet, compared with thefe, are much darker and fainter, and 
compared with the other flronger colours, little to be regarded ; 
and that therefore the images of the objeds are to be placed 
not In the focus of the mean refrangible rays, which are in 
the confine of green and blue, but in the middle of the orange 
and yellow, there where the colour is moft luminous, that 
which is in the brighteft yellow, that yellow which inclines 
more to orange than to green. 

From all thefe confiderations, and by an elaborate calcula- 
tion, he infers, that though the whole breadth of the image 
of a lucid point be ^'-^.th of the diameter of the aperture of 
the obje£t-glafs, yet the fenfible image of the fame is fcarce 
broader than a circle whofe diameter is ■j-4^th part of the dia- 
meter of the aperture of the obje6t-glafs of a good telefcope; 
and hence he accounts for the apparent diameters of the fixed 
flars as obferved with telefcopes by aftronomers, although in 
jeality they are but points. 

The 
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The like reafoning is applicable to the circle of diffipatioii 
on the retina of the human eye ; and therefore we may leffen 
the angular aberration, before computed at 1 5^, in the ratio of 
250 to K,^, which will reduce it to 3' 18'". 

This reduced angle of aberration may perhaps be double the 
apparent diameter of the brighteft fixed ftars to an eye difpofed 
for feeiug moft diftindly by parallel rays; or, if fliort-fighted, 
affifted by a proper concave lens ; which may be thought a fuf- 
ficieat approximation in an explication grounded on a diflipatlon 
of rays, to which a precife limit cannot be afligned, on account 
of the continual increafe of denfity from the circumference to the 
center. Certainly fome fuch angle of aberration is neceflary to 
account for the ftars appearing under any fenfible angle to fuch an 
eye ; and if we were, without reafon, to fuppofe the images on 
the retina to be perfect, we fliould be put to a much greater 
difficulty to account for the fixed ftars appearing otherwife 
than as points, than we have now been to account for the 
actual diftin£tnefs of our fight. 

The lefs apparent diameter of the fmaller fixed ftars agrees 
alfo with this theory ; for the lefs luminous the circle of difii- 
pation is, the nearer we muft look towards its center to find 
rays fufficiently denfe to move the fenfe. From Sir Isaac 
Newton's geometrical account of the relative denfity of the 
rays in the circle of diffipation, given in his fyftem of the 
world, it may be inferred, that the apparent diameters of the 
fixed ftars, as depending on this caufe, are nearly as their 
whole quantity of light. 

In farther elucidation of this fubjedl let me add my own 
experiment. When I look at the brighter fixed ftars, at con- 
fiderable elevations, thro.ugh a concave glafs fitted, as I am 
{hort-fighted, to fliew them with moft diftin£tnefs, they appear 
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to me without fcintillailon, and as a fmall round circle of fire 
of a feufible magnitude. If I look at them without the con- 
cave glafs, or with one not fuited to my eye, they appear to 
call: out rays of a determinate figure, not exaftly the fame in 
both eyes, lomewhat like branches of trees (which doubtlefs 
aiife from fomething in the conftru6tion of the eye) and to fcin^ 
tillate a little, if the air be not very clear. To fee day objects 
with moft diftinftnefs, I require a lefs concave lens by one de- 
gree than for feeing the ftars beft by night, the caufe of which 
feems to be, that the bottom of the eye being illuminated by the 
day objeds, and thereby rendered a light ground, obfcures the 
fainter colours blue indigo and violet in the circle of diffipa- 
tion, and therefore the beft image of the objed will be found 
in the focus of the bright yellow rays, and not in that of the 
mean refrangible ones, or the dark green, agreeable to New- 
ton's remark, and confequently nearer the retina of a (hort- 
fighted perfon ; but the parts of the retina furrounding the 
circle of diffipation of a ftar being in the dark, the fainter co- 
lours, blue, indigo, and violet, will have fome (hare in form- 
ing the image, and confequently the focus will be fliorter. 

The apparent diameter of the ftars here accounted for is dif- 
ferent from that explained by Dr. Jurin, in his Effay on 
diftindl and indiftinft vifion, arifing from the natural conftitu- 
tion of the generality of eyes to fee objeds moft diftind at 
moderate diftances, and few being capable of altering their 
conformation enough to fee diftant objeds, and among them the 
celeftial ones, with equal diftindnefs. But the caufe of error, 
which I have pointed out, will affed all eyes, even thofe which 
are adapted to diftant objeds. 

If this attempt to Ihew the compatibility of the adual 
diftindnefs of our fight with the different refrangibility of 

light 
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light (hall be admitted as juft and convincing, we fhall have 
frefti reafon to admire the wlfdom of the Creator in fo adapt- 
ing the aperture of the pupil and the dilferetit refrangibillty of 
light to each other, as to render the pidure of objeds upon 
the retina relatively, though not abfolutely, perfed, and fitted 
for every ufeful purpofe ; " where," to borrow the words of 
our religious and oratorical philofopher Derham, " all the 
*' glories of the heavens and earth are brought and exqulfitely 
*' pidlured " 

Nor does it appear, that any material advantage would have 
been obtained, if the image of objefts on the retina had been 
made abfolutely perfect, unlefs the acutenefs of the optic nerve 
ftiould have been increafed at the fame time ; as the minimum 
vijibile depends no lefs on that circumftance than the other. 
But that the fenfibility of the optic nerve could not have been 
much Increafed beyond what it is, without great inconvenience 
to us, may be eafily conceived, if we only conlider the forcible 
impreffion made on our eyes by a bright fky, or even the day 
objects illuminated by a flrong fun. Hence we may conclude, 
that fuch an alteration would have rendered our fight painful 
inftead of pleafant, and noxious inftcad of ufeful. We might 
indeed have been enabled to fee more in the ftarry heavens with 
the naked eye, but it muft have been at the expence of our 
daily labours and occupations, the immediate and neceflary 
employment of man. 

I (hall only mention farther, and obviate an objedlon to the 
dlfFufion of the rays upon the retina by the different refrangi- 
billty of light. It may be faid, that the, ocular aberration, 
being a feparate caufe from any effe<St of the telefcope, (hould 
fubfift equally when we obferve a flar through a telefcope as 
when we look at it with the naked eye ; and that therefore the 
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fixed ftars could not appear fo fmall as they have been found to 
do through the beft telefcopes, and particularly by Dr. Her- 
SCHEL with his excellent ones. To this I anfwer, that the 
ocular aberration, which is proportional to the diameter of 
the pupil when we ufe the naked eye, is proportional to the 
diameter of the pencil of rays at the eye when we look 
through a telefcope, which being many times lefs than that of 
the pupil itfelf, the ocular aberration will be diminifhed in 
proportion, and become infenfible. 




